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PREFACE 


This  report  was  prepard  by  the  Water  Resources  Research  Institute  at 
Auburn  University,  Auburn,  AL  36849  sponsored  jointly  by  the  U. S.  Army 
Research  and  Development  Command,  Fort  Detrick,  Frederick,  MD  2.17  01  and  the 
Air  Force  Engineering  and  Services  Center,  Air  Force  Engineering  and  Services 
Laboratory,  Tyndall,  FL  32403,  under  Contract  Number  DAMD1 7-82-C-22 57. 

This  report  covers  work  performed  between  September  1983  and  November 
1984.  The  Principal  Investigator  for  the  project  was  Dr.  S.  D.  Worley  of  the 
Department  of  Chemistry  at  Auburn  University.  Project  officers  were 
Mr.  James  C.  Eaton  of  USAMRDC,  Fort  Detrick,  and  Capt.  Jack  H.  Jeter  of  HQ 
AFESC/RDVW,  Tyndall  AFB ,  FL. 

This  report  discusses  further  comparison  of  a  new  N-chlcram ine  compound 
with  calcium  hypochlorite  (HTH )  as  a  water  disinfectant  for  military  field 
use.  Prior  work  and  research  protocols  were  discussed  in  detail  in  AFESC 
report  ESL-TR-83-68  which  was  released  in  October  1984.  This  report  also 
discusses  the  synthesis  and  preliminary  testing  of  several  new  N-halamine 
compounds  as  potential  water  disinfectants  for  military  field  use.  Citations 
of  commercial  organizations  and  trade  names  in  this  report  do  not  constitute 
an  official  Department  of  Defense  endorsement,  approval,  or  rejection  of  the 
products  or  services  of  these  organizations. 
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SECTION  I 


INTRODUCTION 

The  agent  currently  employed  by  the  U. S.  Army  and  U. S.  Air  Force  for 
disinfection  of  field  water  supplies  is  HTH  which  is  composed  of  65  percent 
calcium  hypochlorite  and  35  percent  "inert  ingredients".  While  HTH  is 
reasonably  bactericidal,  it  is  not  particularly  stable  either  in  water 
solution  or  in  the  solid  state.  In  fact  improperly  stored  calcium 
hypochlorite  can  spontaneously  ignite  packaging  materials  (1).  Furthermore, 
it  is  well  known  that  "free  chlorine"  agents  such  as  HTH  react  with  organic 
impurities  in  water  to  produce  toxic  trihalomethanes ,  which  have  been  shown  to 
be  carcinogenic  in  laboratory  animals  (2).  It  ha6  been  stated  that 
N-chloram ines  do  not  react  appreciably  with  organic  material  to  produce  toxic 
trihalomethanes  (2).  However,  it  has  also  been  suggested  that  chloramines  are 
much  weaker  bactericides  than  are  free-chlorine  agents  (3).  The  research 
reported  here  is  based  upon  the  hypothesis  that  there  are  N-chloram  ine  agents 
which  are  adequate  disinfectants  and  which  possess  other  attributes  which 
render  them  of  possible  use  to  the  military  as  all-purpose  water 
dis  infectants. 

One  such  N-chloram ine  agent  (3-chloro-4, 4-d imet hy 1-2-oxazc 1 i d inone , 
henceforth  referred  to  as  Compound  I)  has  been  studied  extensively  in  these 
laborator ies.  Compound  I  was  first  prepared 


and  shown  to  be  bactericidal  by  Kaminski  and  coworkers  (4,5).  Recent 
experiments  in  these  laboratories  have  demonstrated  that  Compound  I  is  an 
effective  bactericide  in  a  laboratory  water  treatment  plant  (6),  that  Compound 
I  is  exceptionally  stable  in  water  and  in  dry  storage  (7),  that  Compound  I 
eradicates  a  broad  spectrum  of  bacteria  in  water  (8),  that  Compound  I  is 
apparently  nontoxic  t"  .hickens  drinking  water  containing  the  agent  at  the 
200  ppm  level  19),  and  that  it  detoxifies  aflatoxin  (9).  The  cellular 
mechanisms  of  act i on  oi  Compoi  I  in  inhibiting  bacterial  DNA,  RNA,  and 
protein  synthesis  have  been  addressed  in  these  laboratories  in  a  preliminary 
manner  also  (10;.  A  general  ..-urnmary  of  the  chemical  and  biological  properties 
of  Com;.  :  .  I  was  presented  at  the  Fourth  International  Conference  on  Water 

Chic  rinat.  ion  *11).  All  of  this  pieliminary  work  led  us  to  the  conclusion  that 
Compound  1 .  or  some  other  . hloramine  with  similar  molecular  structure,  might 
hr  a  better  ws  *  r  di s ir : e c tan t  than  HTH  for  military  use. 

Ihe  results  prese-ted  in  the  first  annual  report  (AFESC  ESL-TR-83-68 ) 

1  12  have  been  discussed  in  depth  in  several  recent  publications  (13-18).  The 
reader  is  referred  to  the  first  annual  report  and  these  recent  publications 
112-18)  f  <>r  detailed  reseaich  protocol  discussions  and  access  to  all  data  and 


discussion  for  work  during  the  first  contract  year.  Any  changes  in  protocols 
employed  during  the  second  contract  year  will  be  discussed  in  this  report. 

For  the  second  contract  year  data  reduction,  plotting,  and  statistical  testing 
were  performed  using  the  Statistical  Analyses  System  (SAS)  (19)  operating  on 
the  Auburn  University  IBM  3033  computer.  Projected  disinfection  times  were 
calculated  using  the  General  Linear  Models  (GLM )  procedure  of  SAS  after 
performing  a  log+1  transformation  on  the  dependent  variable  of  cell  density 
(20).  The  SAS  regression  model  was  specified  as  log  (cfu/mL+1)  =  time  to 
calculate  the  regression  equation.  Options  of  the  GLM  procedure  allow  for 
testing  of  homogeneity  of  slopes  of  two  or  more  regression  lines  by  using  an 
analysis  of  covariance  (ANCOVA).  Solution  stability  studies  were  also 
analyzed  using  the  GLM  procedure  where  the  data  were  analyzed  for  zero  order 
or  first  order  decay  by  regressing  either  mg/L  total  halogen  on  time  or  log 
(mg/L  halogen)  on  time.  In  some  experiments  the  homogeneity  of  slopes  test 
was  used  for  comparison  of  stability  curve  slopes. 

In  this  report  all  chloramine  concentrations  are  reported  in  ppm  (mg/L) 
total  chlorine  expressed  as  potential  total  Cl  ,  although  it  should  be 
realized  that  for  most  of  the  chloramines  studied  little  "free  chlorine"  is 
formed  in  water  solution.  For  the  bromamines  studied,  total  halogen 
concentration  will  be  expressed  in  terms  of  the  molar  equivalent  to  the  total 
chlorine  concentration  from  compound  I,  ie.  1 0  ppm  total  chlorine 
concentration  for  Compound  I  is  the  molar  halogen  equivalent  to  22.5  ppm  total 
bromine  concentration  for  the  brominated  analog  of  Compound  I  (Compound  IB). 
For  the  chloramines  studied  having  more  than  one  chlorine  atom  per  molecule, 
the  total  chlorine  concentration  will  be  the  actual  total  chlorine  titration 
value,  ie.  one  mole  of  a  compound  having  two  N-Cl  functional  groups  will 
yield  two  moles  of  total  chlorine  (Cl  )  relative  to  one  mole  Cl  for  Compound 
I. 

The  goals  for  the  second  year  of  contract  DAMD17-82-C-2257  were  to  test 
mixtures  of  Compound  I  and  HTH  against  bacteria  and  to  compare  the  stabilities 
of  the  two  compounds  at  37°C  (Task  6),  to  synthesize  new  chloramine  and 
bromamine  disinfectants  (Task  7),  to  compare  the  action  of  the  new  compounds 
with  Compound  I  as  to  germicidal  activity  and  stability  (Task  8),  to  perform 
analogous  testing  on  viruses  and  protozoa  (Task  9),  to  test  those  compounds 
proving  to  be  at  least  equal  to  Compound  I  as  disinfectants  in  an  extensive 
manner  (Task  10),  and  to  perform  mechanistic  studies  of  the  action  of  Compound 
I  (Task  11). 

In  this  report  each  task  will  be  addressed  in  turn  with  modifications  in 
experimental  protocol,  results,  and  discussion  being  presented.  This  material 
will  be  followed  by  sections  giving  primary  conclusions  and  finally  our 
recommendations. 


SECTION  II 


TASK  6  (ADDITIONAL  TESTING  OF  COMPOUND  I  AND  HTH  ) 

The  goal  of  Task  6  was  to  continue  comparisons  of  Compound  I  and  HTH  so 
as  to  better  evaluate  the  potential  of  Compound  I  as  a  field  disinfectant. 
During  the  first  contract  year  it  was  shown  that  in  general  HTH  kills 
microorganisms  more  rapidly  and  at  lower  total  chlorine  concentration  than 
does  Compound  I  (12);  notable  exceptions  to  this  general  observation  were  the 
protozoa  G  iardia  Iambi ia  and  Entamoeba  invadens .  However,  it  was  also  shown 
that  Compound  I  was  much  more  stable  than  HTH  in  demand  free  water  or  in  a 
"worst  case  water"  containing  heavy  organic  demand  (12).  This  was  true  at  all 
pH  values  (4.5,  7.0,  9.5)  and  temperatures  (22°,  4°C)  studied  (12).  From 
these  results  we  concluded  that  a  good,  all-purpose  disinfectant  for  military 
field  use  might  be  composed  of  a  mixture  of  HTH  (for  rapid  disinfection)  and 
Compound  I  (for  long-term  disinfection).  This  hypothesis  was  tested  first 
under  Task  b. 

Three  different  mixtures  of  HTH  and  Compound  I  having  total  chlorine 
ratios  of  1:1,  1:5,  and  1:10,  respectively,  at  two  different  total  chlorine 
concentrations  (1  ppm  and  5  ppm)  were  dissolved  in  demand-free  water  at  pH 
7.0,  22  C  and  tested  versus  Staphylococcus  aureus .  with  challenges  made  at 
time  zero,  1  week,  and  i^month.  The  concentration  of  microorganisms  at  each 
challenge  was  about  1x10  cfu/mL.  Aliquots  were  withdrawn  at  T  and  after  1, 
2,  5,  l  0,  12  0,  and  300  minutes  of  contact  between  the  organisms  and  various 
mixtures  of  the  two  disinfectants.  These  aliquots  were  immediately  quenched 
with  thiosuifate  solution  and  plated.  Due  to  the  vast  number  of  data  points 
accumulated  and  the  nature  of  the  experiment,  a  subjective  grading  of  cell 
d“n*  itv  on  the  plates  was  used  rather  than  the  usual  serial  dilution  microdrop 
technique.  Samples  were  scored  on  a  scale  of  0  to  4,  where  0  indicated  no 
growth  of  the  organisms  after  48  hours  of  plate  incubation  at  37°C,  and  4 
indicated  completely  confluent  growth  under  the  same  conditions,  with  1,  2, 
and  3  indicating  intermediate  growth  as  scored  on  a  subjective  basis.  After 
the  initial  "seeding"  of  tubes  containing  the  disinfectant  mixtures  with 
organisms  and  removing  the  timed  rliquot|,  the  tubes  were  tightly  capped  and 
stored  at  22  C  until  a  rechallenge  at  10°  cfu/tnL  at  1  week  and  then  again  at  1 
mon  th . 

Toe  r  1  t  s  of  this  series  of  experiments  are  shown  in  Table  1.  It  is 
clear  from  the«e  exper  in.rr.ts  that  mixtures  containing  even  very  small  amounts 
of  HTH  are  quite  effective  a:  a  irst  S.  atiree  i  on  the  lirst  day.  For  the  1  week 
and  !  month  rf  :;.a  1  i*;v.es  < 'on  pc  1  I  d  is  infect  ion  kinetics  (12)  are  followed, 
for  the  HTH  ha.,  decomposed  by  that  time.  We  believe  that  a  Compound  I:  HTH 
rati  •.  of  1  '  .  1  at  even  very  low  total  chlorine  concentration  (1  ppm)  could  be 
•in  ef:  1  .  . .  i  i  » t.  a  ry  t  i  e  1  d  voter  disinfectant  because  the  small  amount  of 

i  d  1  a  is  st. .He  for  long  time  per  iods  should  maintain  disinfection 

indet  i  r  ’  t  '  .  A  m-t>  f  ;•  v.t  ion  should  be  added  here.  These  experiments  were 

sun  d  u  fed  at  ,  H  .  ,  / 1"  lq  we  must  perform  analogous  experiments  as  a 

function  -1  pH,  temperature,  a  .3  water  qi/Hity  at  a  later  time. 


TABLE  1.  ACTION  OF  MIXTURES  OF  COMPOUND  I  AND  HTH  AGAINST  STAPHYLOCOCCUS 
AUREUS  (pH  7,  2 2.°C ) 
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Challenges  were  made  at  the  first  day  (In),  after  1  week,  and  after  1  month. 

Contact  time  in  minutes. 

Subjective  plate  scoring  was  used  with  a  range  of  0  for  no  growth  up  to  4  for  confluent  growth. 
Pure  component  (either  Compound  I  or  HTH) 


Also  under  Task  6  the  stabilities  of  Compound  I  and  HTH  in  demand-free 
water  at  pH  4.5,  7.0,  and  9.5  have  been  compared  at  elevated  temperature 
(37  C).  The  protocol  for  these  experiments  was  presented  in  detail  in  the 
previous  annual  report  (12).  The  solutions  were  held  at  37°C  by  storage  in  an 
incubator.  The  results  of  these  experiments  are  summarized  in  Figure  1. 

The  stab'lity  curves  in  Figure  1  were  subjected  to  linear  regression 
analysis  in  an  attempt  to  generate  a  regression  equation  to  best  describe  the 
change  in  total  Cl  concentration  with  respect  to  time.  Using  the  SAS 
procedure  of  CLM,  an  analysis  of  covariance  to  test  for  homogeneity  of  slopes 
of  the  calculated  regression  equations  was  performed.  The  best  fit  line  for 
the  data  points  considered  was  one  where  the  regression  equation  was  of  the 
form  Y  =  mX  +  b,  where  Y  is  the  concentration  of  halogen  and  X  is  time,  m  is 
ttye  slope  of  the  regression  line,  and  b  is  the  Y  intercept.  Typical  values  of 
for  these  zero  order  descriptions  were  on  the  order  of  0.  95-0.  99  with 
corresponding  calculated  F  values  exceeding  the  critical  values  of  F  at  the 
0.  0001  level  of  significance.  The  one  exception  to  these  findings  was  the  fit 
of  the  data  from  Compound  I  at  pH  4.5.  The  interpretation  of  this  anomaly  is 
that  there  is  very  little  effect  of  time  on  the  concentration  of  Compound  1  at 
pH  4.5.  Table  2  lists  the  regression  equations  as  calculated  from  the  high 
temperature  stability  data  using  the  zero  order  and  first  order  decay  models. 

As  planned  comparisons  in  the  stability  experiment  data  analysis,  the 
slopes  of  the  regression  lines  were  compared  for  homogeneity.  The  calculated 
F  values  for  all  possible  pairs  of  equations  were  found  to  be  significant  at 
the  0.01  probability  level  with  the  exception  of  the  pH  7.0  and  pH  9.5  curves 
tor  HTH.  The  calculated  probability  of  obtaining  a  greater  F  statistic  when 
comparing  the  slopes  of  these  latter  two  curves  was  greater  than  0.5.  Thus, 
the  stability  curves  plotted  are  all  significantly  different  except  the  curves 
for  HTH  at  pH  7.  0  and  9.  5. 

The  data  in  Figure  1  illustrate  that  Compound  1  is  stable  indefinitely  in 
pH  4.5  demand-free  water  at  37°C.  Tt  is  less  stable  at  pH  7.0,  37°C 
(half-life  of  1850  hours)  than  was  the  case  for  pH  7.0,  22°C  (indefinite 
stability),  but  still  quite  a  bit  more  stable  than  HTH  (half-life  of  625 
hours)  under  these  conditions.  However,  a  strange  reversal  occurs  for  the  two 
compounds  at  pH  9.5,  37°C;  HTH  becomes  more  stable  (half-life  of  775  hours) 
than  is  Compound  I  (half-life  of  3  CO  hours).  This  was  not  the  case  for  pH 
9.5,  22  C  at  which  condition  compound  1  remained  more  stable  than  HTH  (12). 

We  believe  that,  this  lack  of  stability  of  Compound  I  at  pH  9.5,  37°C  is  due  to 
decomposition  of  the  Compound  I  ring  rather  than  increased  shift  of  the 
Compound  1  hydrolysis  equilibrium  to  the  "free  chlorine"  side.  Such  a  ring 
degradation  would  be  hastened  by  an  increase  in  temperature.  We  have  observed 
that  the  stability  of  Compound  I  in  demand-free  water  at  22°C  declines 
steadily  as  pH  is  increased,  but  the  most  dramatic  decline  occurs  between  pH 
9.0  an  d  pH  9 .  5 . 


TABLE  2.  REGRESSION  EQUATIONS  CALCULATED  FROM  37°C  STABILITY  DATA 


Compound 

pH 
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Log  Y=-  0.  00013474X  +  .  9895 
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a.  7ero 

order 

decay  model. 

b .  First 

order 

decay  model. 

The  effect  of  ambient  light  on  the  stabilities  of  Compound  I  and  HTH  was 
evaluated  at  pH  7.0  in  demand-free  water.  Solutions  of  the  two  compounds  were 
prepared  at  the  10  ppm  total  chlorine  level.  One  solution  of  each  compound 
was  exposed  to  room  light,  while  a  second  solution  of  each  compound  was  held 
in  darkness.  All  flasks  containing  the  compounds  had  porous  cotton  plugs  to 
all ow  free  air  exchange.  Temperature  was  not  controlled  in  this  experiment, 
but  varied  only  between  23°  and  27°C  during  the  course  thereof.  Weekly 
amperometr ic  titrations  were  performed. 

The  results  of  this  experiment  are  shown  in  Figure  2.  The  decay  of  both 
Compound  I  and  HTH  was  perhaps  more  rapid  in  the  flasks  that  were  left  exposed 
to  light.  Subjecting  the  data  to  linear  regression  and  analysis  of  covariance 
suggests  that  while  the  light  exposed  decay  slopes  may  be  different  from  the 
dark  control  curves,  they  are  not  significantly  different.  Both  decay  curves 
follow  zero  order  kinetics  where  the  model  tested  was  Y  =  mX  +  b.  The  RZ  for 
this  model  was  greater  than  0.9  8  for  all  four  decay  curves,  and  the  F  value 
for  comparison  of  the  slopes  of  light  versus  dark  treatment  for  each  compound 
was  not  significant  at  the  C.  Oh  probability  level.  Compound  I  was  found  to  be 
significantly  different  from  HTH  in  stability  in  this  experiment.  We  conclude 
that  ambient  toon  light  is  not  an  important  factor  in  the  stability  of  either 
com  pou'i  d . 

Fi,'«i'.  under  lask  A  disinfection  experiments  at  37°C  were  initiated. 
Compound  1  and  d  f1'  .ere  compared  at  pH  7.0,  37°C  in  demand-free  water  as 
dis  in  rector  t  s  verses  S  ■  aureus  .  Several  Lc‘al  chlorine  concentrations  of  each 
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Figure  2.  Stability  of  Compound  I  and  HTH  at  pH  7.0  in  the 
Presence  of  and  Absence  of  Ambient  Light. 


compound  were  used  in  the  experiment.  The  disinfection  c*t  products  for 
Compound  1  at  22°C  and  37°C  were  726.7  ppm-min  and  94.2  ppm-min,  respectively. 
These  c*t  products  were  obtained  by  multiplication  of  the  time  required  for  a 
6  log  decrease  in  cfu/mL  calculated  from  a  regression  equation  by  the 
corresponding  total  chlorine  concentration.  The  units  of  the  products  are 
ppm-minut es .  Reliable  c*t  products  could  not  be  obtained  for  HTH  at  either 
temperature  because  of  the  rapidity  of  its  disinfection.  It  is  evident  that 
compound  I  is  a  much  more  rapid  disinfectant  (8-fold)  at  37°C  than  at  22  C  for 
pH  7.0.  This  was  to  be  expected  given  the  rather  long  contact  times  needed 
for  disinfection  at  4°C  (12).  Further  work  needs  to  be  done  along  these  lines 
at  other  pH  values. 


SECTION  III 


TASK  7  (SYNTHESES  OF  NEW  HAL AMINE  DISINFECTANTS) 


The  goal  of  Task  7  was  to  synthesize  Compound  I  and  several  new 
disinfectant  compounds  for  testing  in  other  tasks.  The  details  concerning  the 
preparation  of  Compound  I  were  presented  in  the  previous  annual  report  (12). 
Those  concerning  the  new  compounds  will  be  given  in  this  section. 

Compound  IB  (3-bromo-4,4-dimethy 1-2-oxazol idinone )  was  prepared  from  the 
precursor  (4,4-dimethyl-2-oxazolidinone)  for  Compound  I  by  the  method  of  Bodor 
and  Kaminski  (21).  The  reaction  scheme  is  shown  below. 

%  -  Be,  A kOH 

l  a  / O  l  lib.  i - n 


CHi-C-OtjOH 


IjS-jXTC 


8*1  ,  A hOH 

<fc 


The  structure  of  Compound  IB  w«6  verified  by  NMR  and  IR;  *H  NMR  (CDCl^); 
4.27(St  2H),  5" 1. 33(S,  6H);  IR  (KBr ) :  2985,  1725,  1370,  1290,  1200,  1165,  1  040, 
740  cm  .  Compound  IB  i6  a  white,  crystalline  solid  (m. p.  118-12 0°C)  which 
can  be  purified  (to  98.6  percent)  by  recrystallization  from  carbon 
tetrachloride.  It  is  also  readily  soluble  in  chloroform,  methylene  chloride, 
and  methanol.  Its  solubility  in  water  is  0.  563  g/100  mL  at  22°C,  0. 310g/100 
mL  at  4°C,  and  0.786  g/100  mL  at  32°C.  The  corresponding  solubilities  in 
water  for  Compound  I  were  1,282,  0.  760,  and  1.713  g/100  mL,  respectively. 

Compounds  A  ( 1 , 3-dichloro-4,4, 5, 5-tetramethy 1-2- imidazol idinone  )  and  AB 
( 1, 3-dibromo-4,4, 5, 5-tetramethyl-2-imidazolidinone )  were  prepared  using  the 
schemes  shown  below.  The  precursor  to 

CH_  CH3  v  rlL  ru  _  ...  Ife  T 


CHA-i-CH,  WWg  cHStCfi 
L  L  2)  tkCtt  3  I  -  L 


COCL  ?  MlOH 


H0X  Mfl. 


V"cl 


ckjJiS. 

s-irc 


A  AB  5 

the  two  disinfectants  was  prepared  by  the  method  of  Sayre  (22).  Both 
compounds  are  white,  crystalline  solids;  pertinent  data  are:  Compound  A 
(recrystallized  from  hexane  to  a  purity  of  99.8  percent;  m.  p.  100-102°C; 


soluble  in  chloroform  and  methanol;  solubility  in  water  in  g/lOOmL  is  0.058 
at  4°C,  0.  090  at  22°C,  and  0.111  at  32°C^  NMR  (CDC1-):  <T  1.33  (S,  12H); 
IR(KBr):  2992,  1735,  1394,  1285,  1160  cm  ;  Compound  AS  (recrystallized  from 
cyclohexane  to  a  purity  of  98.5  percent;  m. p.  119-121°C;  soluble  in  chloroform 
and  methanol;  solubility  in  water  in  g/100  mL  is  0.13  0  at  4°C,  0.184  at  22°C, 
and  0.225  at  32°C;  NMR  (CDC1-):  £  1.22  (S,  12H);  IR  (KBr):  2977,  1715, 

1391,  1288,  1157  cm"1). 

Compound  F  (tetrachloroglycoluril )  was  prepared  by  chlorination  of 
glycoluril  which  was  purchased  commercially. 


The  procedure  of  Slezak  and  coworker6  (23)  was  employed  for  this  chlorination. 
The  compound  was  purified  by  recrystallization  from  a  2:1  benzene: 
ethy  lacetate  mixture.  Compound  F  is  a  white  chrystalline  solid  having  m. p 
198-200  C  (with  decomposition).  It  is  soluble  in  methanol  and  exhibits  the 
following  spectral  data:  XH  NMR  (CDC1 . ) : $  5. 3  (S,  2H);  IR  (KBr):  1772,  1372, 

1  17  0,  890,  77  5  cm"  . 

Compound  G  ( 3a , 6a-d imethy 1- 1 , 3 , 4 , 6-t et rachl orogly co lur i 1 )  was  prepared  by 
the  scheme  below.  The  compound  was  purified 


& 


by  recrystallization  from  benzene  to  98  percent.  Compound  G  is  a  white, 
crys  tall  ir."  t  lid  with  m.  p.  2  2  4-2  26  °C  which  is  soluble  in  methanol:  its 
solubility  in  w^ter  is  0.  002  g/lOOmL  at  4°C,  0.  005  g/lOOniL  at  22  C,  and 
0.  054  ,/ /1  00  si.  at  32°C.  Spectral  data  for  Compound  C  are:  H  NMR(CDCl^):  <5* 

1.81  (r\  "  :  ,  iR(KBr):  3  Cl  0,  1  76  5,  1  744,  1259,  1  22  0,  1  1  59,  73  0  cm”1.  J 

f1 suggestion  of  Dr.  D.  Rosenblatt  of  DSAMBRDL  at  Ft.  Detrick  the 
cor;1'  ,,ds  Q  !  1  f.B  (qmnucl  i  dine  bromide)  and  DAB  COB  (diazubi  cyclooctane  bromide) 
were  prepared  by  the  bromination  of  ccl...,'' r  c  l  a  1  quinuclidinc  (24)  and  DABCO 


(25),  respectively.  These  compounds  were  quite  unstable  and  insoluble  in  a 
variety  of  organic  solvents,  and  hence  could  not  be  purified  by 
recrystallization.  They  were  subjected  to  preliminary  testing  under  Task  8. 


O-t'-Q 


QUIWB 


*>*-Qt*, Br" 

DABCOB 


Considerable  effort  was  also  made  under  Task  7  to  synthesize  analogs  of 
Compounds  I,  IB,  A,  and  AB  containing  sulfur  either  bound  in  an  endocyclic  or 
exocyclic  position  of  the  rings.  Our  hypothesis  was  that  sulfur  might  enhance 
the  disinfection  efficacy  of  the  compounds.  While  the  amine  precursors  have 
been  prepared  here,  unfortunately  in  all  attempts  to  da*"e,  the  halogenation 
step  caused  decomposition  of  the  cyclic  systems.  Work  along  these  lines  has 
been  discontinued,  at  least  temporarily. 

Finally  under  Task  7,  10  g  of  Compound  I  was  prepared  and  sent  to  Dr. 
Dinterman  at  USAMRIID  Ft.  Detrick  in  January  1984  for  evaluation  as  a  possible 
detoxicant.  A  1  g  sample  of  Compound  I  was  sent  to  Dr.  Noss  at  IJSAFIBRDL  Ft. 
Detrick  for  mechanistic  studies. 
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SECTION  IV 


TASK  8  (PRELIMINARY  TESTING  OF  NEW  DISINFECTANT  COMPOUNDS 

The  goal  of  Task  8  is  to  subject  new  compounds  synthesized  under  Task  7 
to  preliminary  screening  of  bactericidal  efficacy  and  solution  stability  in 
order  to  provide  a  relatively  rapid  assessment  of  the  new  compounds  as 
potential  military  field  disinfectants.  We  hope  to  discover  a  new  N-halamine 
compound  which  kills  microorganisms  at  shorter  contact  time  than  Compound  1, 
but  yet  which  is  significantly  more  stable  in  water  than  HTH.  In  fact  any 
compound  which  is  less  stable  than  HTH  and/or  less  germicidal  than  Compound  I 
will  not  be  subjected  to  extensive  evaluation  under  Task  10. 

The  research  protocols  used  for  disinfection  and  stability  testing  under 
Task  8  were  extensively  outlined  in  our  last  annual  report  (12)  and  thus  will 
not  be  discussed  in  detail  here.  For  the  bac^ricidal  screening,  solutions  of 
the  compounds  were  always  subjected  to  1-2x10  cfu/mL  of  organisms.  Aliquots 
were  removed  at  timed  intervals,  quenched  by  0.  02  N  sodium  thiosulfate,  and 
plated.  Plating,  colony  enumeration,  and  data  analyses  procedures  were 
performed  as  previously  described  (12).  The  bactericidal  evaluation  consisted 
of  experiments  involving  Staphylococcus  aureus  in  demand-free  water  at  pH  7.0, 
22  C  at  a  total  Cl  concentration  (or  its  molar  equivalent  in  Br  )  of  5  ppm 
and  in  "worst  case  water"  (WCW )  containing  heavy  organic  load  (12)  at  pH  9.5, 
4cC  at  a  total  Cl  concentration  (or  its  molar  equivalent  in  Br  )  of  10  ppm; 
and  Shigella  boydii  in  demand-free  water  at  ^H  7.  0,  22°C  at  a  total  Cl  + 
concentration  (or  its  molar  equivalent  in  Br  )  of  2.5  ppm.  Stability 
evaluations  conducted  under  Task  8  included  testing  the  compounds  in 
demand-free  water  at  pH  7.0,  22°C  and  pH  9.5,  4°C,  and  in  WCW  at  pH  9.5,  4°C. 

Table  3  gives  test  conditions  and  measured  c*L  values  (see  Section  II) 
tor  calculated  6  log  'inactivation  of  the  organisms  used  in  the  preliminary 
Task  8'  and  extensive  'Task  10)  testing  of  the  new  compounds  synthesized 
under  Task  7.  In  most  of  the  WCW  experiments  the  disinfection  curves  were  not 
linear,  and  hence  the  range  of  calculated  c*t  values  has  been  given  in 
Table  3. 

The  data  in  Table  3  indicate  that  all  compounds  tested,  except 
Compound  A,  were  more  effective  than  Compound  I  against  both  £.  aureus  and  S. 
hoy  d  t  i  in  demand-free  water  under  Task  8  preliminary  testing  conditions. 
Howeer,  for  worst  case  water  test  experiments  this  was  not  the  case  because 
ot  tli*  great  stability  of  Compound  I  under  these  conditions.  Since  Compound  A 
was  less  effective  than  Compound  I  in  preliminary  bactericidal  screening,  we 
have  decided  :<  at  least  t  empoi  r  i  1  y  discontinue  its  testing.  Compound  IB 
looks  particularly  promising  as  a  rapid  disinfectant,  this  is  because  it  forms 
d.  9i  pe'.ent  "free  bromine"  in  water  (as  measured  by  a  DPD  test  kit). 

Figure  i.i,  ws  a  comparison  of  its  action  against  S.  aureus  in  worst  case 
'-;itei  witt.  that  of  Compound  I.  Of  count  compounds  liberating  free  halogen 
such  as  I  and  HTH  are  considerably  less  stable  in  the  presence  of  organic 
load  than  are  ’.mse  which  liberate  little  or  no  free  halogen  such  as  I  and  A 
(12). 
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TABLE  3.  ACTION  OF  DISINFECTANTS  AGAINST  BACTERIA  UNDER  VARIOUS  TEST 
CONDITIONS. 


Organism 

S.  aureus 
S.  aureus 
S.  aureus 
S.  aureus 
S.  aureus 
S.  aureus 
S,  aureus 
S.  aureus 
S.  aureus 

S.  aureus 
S.  aureus 
S.  aureus 
S.  aureus 

S.  aureus 
S.  aureus 
S,  aureus 
S.  aureus 
S.  aureus 

S.  aureus 
S.  aureus 
S.  aureus 
S.  aureus 

S,  aureus 
S.  aureus 
S.  aureus 
S.  aureus 
S.  aureus 
S.  aureus 
S.  aureus 

S.  boydi  i 
S.  b jy  di  i 
S.  boydi  i 
S.  boy di i 
S,  boy di i 
S.  boy  d  i  i 
S.  boy  u  i  i 

b.  boy  d i  . 
S,  boy  d  i  1 
S,  boy di  i 
S.  boydi  i 


Conditions 


pH  9.3,  CDF,  4  C 

pH  9.3,  CDF,  4  C 

pH  9.3,  CDF,  4  C 

pH  9.3,  CDF,  4  C 


Compound 


C*TD (ppm-min ) 


pH 

7.  0, 

CDF, 

22 

C 

I 

216 

pH 

7.  0, 

CDF, 

22 

C 

IB 

3.25 

pH 

7.  0, 

CDF, 

22 

C 

A 

1400 

pH 

7.  0, 

CDF, 

22 

C 

AB 

9.78 

pH 

7.  0, 

CDF, 

22 

c 

HTH 

<0.25 

pH 

7.  0, 

CDF, 

22 

c 

F 

<1.25 

pH 

7.0, 

CDF, 

22 

c 

G 

<1.25 

pH 

7.0, 

CDF, 

22 

c 

QUINB 

<1.25 

pH 

7.  0, 

CDF, 

22 

c 

DAB  COB 

16.98 

pH 

4.5, 

CDF, 

22 

c 

I 

326.4 

pH 

4.5, 

CDF, 

22 

c 

HTH 

<1.25 

pH 

4.5, 

CDF, 

22 

c 

IB 

2.11 

pH 

4.5, 

CDF, 

22 

c 

AB 

2.44 

pH 

9.5, 

CDF, 

22 

c 

I 

150.8 

pH 

9.5, 

CDF, 

22 

c 

HTH 

4.73 

pH 

9.5, 

CDF, 

22 

c 

IB 

1.  52 

pH 

9.5, 

CDF, 

22 

c 

A 

522.6 

pH 

9.5, 

CDF, 

22 

c 

AB 

3.28 

pH 

9.5, 

CDF, 

4 

c 

I 

648.  5 

PH 

9.5, 

CDF, 

4 

C 

HTH 

24.  08 

pH 

9.5, 

CDF, 

4 

c 

IB 

2.  52 

pH 

9.5, 

CDF, 

4 

c 

AB 

25.  13 

wcw 

I 

1343-2620 

wcw 

HTH 

45.  65-16206 

WCW 

IB 

18.  5-4940 

WCW 

A 

9679 

wcw 

AB 

291-6270 

wcw 

F 

>1200 

wcw 

G 

>1200 

PH 

7.  0, 

CDF, 

22 

c 

I 

23.39 

pH 

7.  0, 

CDF, 

22 

c 

HTH 

<0.25 

PH 

7.  0, 

CDF, 

22 

c 

IB 

1.29 

PH 

7.  0, 

CDF, 

22 

c 

A 

26 

pH 

7.  0, 

CDF, 

22 

c 

AB 

9.7  0 

PH 

7.  0, 

CDF, 

22 

c 

F 

<0.625 

pH 

7.  0, 

CDF, 

22 

c 

G 

<0.62  5 

<2.5 
<2.  5 
24.82 


TABLE  3. 

ACTION  OF  DISINFECTANTS 

AGAINST  B ACTE KI A 

UNDER  VARIOUS  TEST 

CONDITIONS  (CONTINUED). 

Organ i sm 

Condit ionsa 

Compoun  d 

C*T^  (ppm-niin 

S.  bovdii 

WCW 

I 

11.91 

S.  bovdii 

WCW 

HTH 

<2.  5 

S.  boydii 

WCW 

IB 

26. 1 5-854 

S.  bovdii 

WCW 

AB 

148-314 

a.  CDF  = 

demand-free  water;  WCW 

=  worst  case  water  at  pH  9.5,  4°C. 

b.  C*T  values  for  WCW  experiments 

are  expressed  as 

a  range  due  to  the 

r. on- 1  inear  it  y  of  dose  response  in  WCW. 


Figures  4  and  5  show  representative  stability  curves  for  all  of  the 
compounds  synthesized  under  Task  7.  These  data  represent  the  stability  of 
these  compounds  in  demand-free  water  at  pH  7.0,  22UC.  The  stability  curves 
for  Compound  I  and  HTH  under  these  conditions  are  shown  also  for  comparison. 
Compounds  F,  DABCOB,  and  Q IT NB  were  considerably  less  stable  than  was  HTH.  In 
fact  DABCOB  was  so  unstable  that  bromine  gas  was  observed  as  it  evolved  from 
solution  as  the  solid  material  was  dissolved.  Thus  on  the  basis  of 
instability,  studies  of  compounds  F,  DABCOB,  andQUINB  have  been  discontinued 
even  though  all  three  are  effective  bactericides  when  freshly  prepared. 

Linear  regression  curve  fitting  indicated  that  Compounds  A,  G,  HTH,  and  I 
followed  fir^t  order  decay  kinetics  marginally  better  than  zero  order.  The 
calculated  p  values  only  improved  by  0.01  when  the  log  transformation  was 
performed  to  allow  for  first  order  fit.  The  decay  curve  for  Compound  F  could 
not  be  fit  to  either  a  first  order  or  zero  order  model  effectively. 

All  of  the  curves  presented  in  Figure  4  were  subjected  to  an  analysis  of 
covariance  test  for  homogeneity  of  slopes  of  the  calculated  regression  lines. 
The  model  chosen  to  describe  the  stability  was  a  first  order  decay  of  the  form 
log  Y  =  mX  +  b,  where  Y  and  X  are  halogen  concentration  and  time, 
respectively.  On  the  basis  of  this  model  all  regression  lines  were  found  to 
have  different  slopes  except  for  compounds  A  and  1  and  compounds  AB  and  IB. 

The  significance  level  chosen  for  these  comparisons  was  p  =  0.01.  It  is 
important  to  note  that  as  for  the  high-temperature  stability  comparisons, 
these  are  comparisons  c;f  slopes  of  regression  lines,  not  comparisons  of  mean 
con  cent  rati  on s . 

Figure  6  presents  measured  tabilities  of  compounds  IB,  AB ,  A,  G,  I,  and 
:'TH  ir  worst  case  water.  All  stability  curves  are  not  first  order  or  even 
second  err1.-.-  with  respect  to  halogen  concentration,  although  Compound  I  and  AB 
approach  ..  first  order  fit.  It  is  our  assumption  that  the  kinetics  of 
Cecompcsi  ion  ir.  synthetic  demand  water  is  a  multi-order  reaction  that 
probably  cannot  be  desciilnd  by  a  simple  decay  equation.  This  kind  of 
observation  has  been  ncted  previously.  No  attempt  was  made  to  describe  the 
decay  kinetics  of  these  compounds  in  worst  case  water. 

The  data  in  Figure  6  indicate  that  the  ha  1 f  lives  of  compounds  IB,  AB , 
and  HTH  in  worst  case  water  are  approximately  the  same.  However,  the 
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SECTION  V 


TASK  9  (TESTING  OF  DISINFECTANT  COMPOUNDS  AGAINST  VIRUS  AND  PROTOZOA  SPECIES) 
VIRUS  STUDIES 

Compound  I  and  HTH  were  tested  for  comparative  virucidal  efficacy  against 
rotavirus  at  the  various  assay  conditions  reported  previously  for  studies 
using  poliovirus  type  1  (12).  Compounds  IB,  A,  and  AB  were  tested  for 
virucidal  efficacy  against  both  rotavirus  and  poliovirus  at  pH  7.0,  22°C. 
Combinations  of  compound  I  and  HTH  were  tested  for  virucidal  efficacy  against 
poliovirus  type  1  at  pH  7.0,  22°C.  The  stability  of  the  virucidal  activity  of 
combinations  of  compound  I  and  HTH  was  determined  against  poliovirus  type  1  by 
retesting  at  weekly  intervals  over  a  period  of  4  weeks  after  storage  of  the 
Compound  I:  HTH  combinations  at  4°C,  2  5°C,  or  37°C. 

Virucidal  studies  with  rotavirus:  The  SA-11  strain  of  rotavirus  was 
acquired  from  the  American  Type  Culture  Collection  (ATCC )  (28).  It  was 
propagated  in  a  fetal  rhesus  monkey  kidney  cell  line,  MA-104,  which  was 
obtained  from  MA  Bioproducts,  Inc.,  Wa lker s v il le,  MD  (29).  The  MA-104  cells 
were  maintained  with  serum-free  medium  for  propagating  and  assaying  rotavirus. 
Stock  preparations  of  rotavirus  were  harvested  from  infected  cells  by  three 
cycles  of  rapid  freezing  and  thawing,  followed  by  centrifugation  at  5,  000  x  g 
to  remove  particulate  cell  debris  from  the  suspension  of  virus  in  cell  culture 
fluids.  The  virus-containing  supernatant  fluids  were  aliquoted  in  1.0  mL 
ampoules  and  stored  at  -7  0  C.  Titrations  were  done  in  96-well  microtiter 
tissue  culture  plates  using  serial  log  dilutions  and  inoculating  0.2  ml  in 
each  of  five  replicate  wells  of  MA-104  cells  per  dilution  of  virus. 

Assays  for  virucidal  effects  of  compound  I  and  HTH  were  done  in 
demand-free  buffers  at  pH  7.0  and  pH  9.5,  and  in  WCW  at  pH  9.5.  Temperature 
was  controlled  at  4°C  or  22°C  with  a  water  bath  in  a  walk-in  refrigerator. 

The  basic  procedure  for  assays  was  esssentially  the  same  as  described 
previously  for  poliovirus  (12).  The  salient  aspects  of  the  assay  procedure 
were  as  follows:  (1)  stock  gotavirus  was  diluted  in  buffer  or  WCW  to  a 
concentration  of  about  2x10°  tissue  culture  infective  doses  (TCID,q)  at  a  50 
percent  endpoint,  (2)  disinfecting  agent (s)  was /were  diluted  in  buffer  or  WCW 
to  2X  concentration,  (3)  after  equilibration  to  the  assay  temperature  in  the 
water  bath,  equal  volumes  of  the  rotavirus  and  2X  disinfecting  agent  were 
combined  and  thoroughly  mixed,  (4)  samples  were  removed  from  the  assay 
reaction  mixture  at  specific  time  intervals  and  added  to  an  equal  volume  of 
0.  02  N  sodium  thiosulfate  as  a  quencher  for  chlorine,  (5)  titrations  of 
rotavirus  infectivity  were  done  as  described  above;  virucidal  effects  were 
evaluated  based  on  reduction  in  titer  compared  to  that  in  virus-buffer 
controls  sampled  at  the  same  time  intervals. 

Rotavirus  was  more  easily  inactivated  by  Compound  I  than  was  poliovirus 
type  1  (Tarle  4).  Twenty-five  ppm  total  chlorine  from  Compound  I  caused  a 
greater  than  99.99  percent  reduction  in  titer  of  rotavirus  in  4  hours  contact 
time,  whereas  40C  ppm  were  required  to  cause  >99.99  percent  reduction  in  titer 
of  poliovirus  in  4  hours  contact  time  at  the  same  conditions  of  assay,  pH  7.0, 


22°C.  At  pH  9.5,  22°C,  25  ppm  total  chlorine  from  Compound  I  effected  >99.99 
percent  reduction  in  the  titer  of  rotavirus  in  2  hours  contact  time  (Table  5). 
As  was  found  with  poliovirus  type  1  in  studies  reported  previously,  HTH  was 
far  more  efficient  than  Compound  I  at  inactivation  of  rotavirus  (Table  6). 

The  difference  between  Compound  I  and  HTH  at  inactivation  of  both  poliovirus 
and  rotavirus  were  so  great  that  statistical  analysis  was  deemed  unnecessary. 
Virucidal  activity  of  both  Compound  I  and  HTH  was  decreased  by  assaying  at  4°C 
and  by  organic  load  in  WCW  (Tables  5  and  6).  It  was  concluded  that  while  HTH 
is  superior  to  Compound  I  in  terms  of  rapid  inactivation  of  rotavirus  at  lower 
concentrations  of  total  chlorine.  Compound  I  at  25  ppm  will  inactivate  the 
infectivity  of  rotavirus  at  22°C  and  pH  of  7.0  and  9.5  in  a  contact  time  of  4 
hours.  A  concentration  of  100  ppm  total  chlorine  from  Compound  I  inactivated 
rotavirus  at  all  conditions  of  assay  except  pH  7.  0,  4°C. 


TABLE  4.  VIRUCIDAL  EFFICACY  OF  COMPOUND  I  AGAINST  ROTAVIRUS  COMPARED 
TO  ITS  EFFICACY  AGAINST  POLIOVIRUS  TYPE  la 

Percent  reduction  in  titer  caused  by  ppm  total  chlorine  against 
Contact  Poliovirus  type  lb  Rotavirus0 


T  ime 

4  00 

100 

25 

IQ 

4  00 

100 

25  10 

1  0  min 

89.70 

<68.  00d 

<68. 00 

<68. 00 

<68. 00 

<68. 00 

<68.  00 

<68.  00 

i  hr 

97.90 

77.20 

<68.  00 

<68.  00 

99.93 

<68. 00 

<68.  00 

<68. 00 

2  hrs 

99.80 

77.80 

7  0.90 

<68. 00 

99.97 

99.97 

99.15 

99.15 

4  hrs 

>99.99 

88.40 

68.  00 

<68.  00 

>99.99 

>99.99 

>99.99 

99.99 

24  hrs 

>99.99 

>99.99 

97.70 

95.70 

NDe 

ND 

ND 

ND 

aAssay  conditions  were  pH  7.  0,  22°C. 

^The  Chat  strain  of  attenuated  poliovirus  type  1  was  used  in  the  assays. 
cThe  SA-11  strain  of  rotavirus  was  used  in  the  assays. 

^Reduction  in  titer  by  less  than  0.5  log^Q  was  recorded  as  <68.00  percent. 
eND  =  not  determined. 


Virucidal  effects  of  Combinations  of  Compound  I  and  HTH:  Compound  I  and 
HTH  were  combined  at  3  differ  nt  ratios  to  yield  total  chlorine  concentrations 
of  either  100  ppm  or  2 5  ppm.  The  ratios  of  Compound  I  to  HTH  were  10:1,  5:1, 
and  1:1.  The  amount  of  chlorine  available  from  Compound  I  and  HTH 
respect  . . ely  at  each  of  the  ratios  was  as  follows:  100  ppm  total 
chlorine  -  1 C:  1  (90.  91:9.  09),  5:1  (83.  33:16.67),  and  1:1  (50:50);  25  ppm  total 
chloric,  -  1  0:1  (22.73:2.77  ),  5:1  (2  0.  83:4.  17  ),  and  1:1  (12.5:12.5).  The 
amount  of  chlorine  available  from  HTH  in  each  of  the  ratios  for  100  ppm  was 
great  enough  to  effect  a  rapid  reduction  in  titer  of  poliovirus  type  1, 
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TABLE  6:  VIRUCIDAL  EFFECTS  OF  HTH  AGAINST  ROTAVIRUS  (SA-11  STRAIN) 


Conditions  of  assays 
Time  pH  Tem 


Percent  reduction  in  titer  by  ppm  total  chlorine 
25  10  5  2.5 


10  min  7 . 0 
7.0 

9.5 

9.5 

(WCW)  9.5 

30  min  7.0 
7.0 

9.5 

9.5 

(WCW)  9.5 

1  hr  7.0 

7.0 

9.5 

9.5 
(WCW)  A. 5 

2  hr  7.0 

7.0 

9.5 

9.5 

(WCW)  9.5 


>99.99 

46.80 

21.40 

0 

>99.99 

>99.99 

90.00 

0 

>99.99 

>99.99 

99.00 

21.40 

>99.99 

99.56 

32.00 

21.40 

99.22 

91.93 

15.00 

0 

>99.99 

90.00 

46.80 

0 

>99.99 

>99.99 

91.07 

21.40 

>99.99 

>99.99 

99.00 

21 . 40 

>99.99 

99.92 

59.05 

32.00 

99.92 

96.77 

32.00 

23.00 

>99.99 

99.00 

46.80 

21.40 

>99.99 

>99.99 

90.00 

21.40 

>99.99 

>99.99 

99.21 

46.80 

>99.99 

>99.99 

92.35 

39.40 

>99.99 

99.06 

58.95 

32.00 

>99.99 

99.90 

90.00 

21.40 

>99.99 

>99.99 

91.22 

34.10 

>99.99 

>99.99 

99.92 

21.40 

>99.99 

>99.99 

94.90 

59.05 

>99.99 

99.93 

90.75 

50.20 

>99.99 

99.90 

90.00 

46.80 

>99.99 

>99.99 

99.45 

46.80 

>99.99 

>99.99 

99.99 

90.00 

>99.99 

>99.99 

99.92 

90.54 

>99.99 

>99.99 

92.78 

58.95 

Numbers  tor  percent  reduction  in  titer  are  averages  of  three  or  four 
separate  assays  done  on  different  days  or  the  results  of  two  assays 
for  whi'-t.  the  results  were  identical. 


whereas  the  amount  of  chlorine  available  from  Compound  1  was  enough  to  effect 
>99.99  percent  reduction  in  titer  between  4  and  24  hours  of  contact  time 
(Table  7).  Only  the  1:1  ratio  in  25  ppm  total  chlorine  assays  had  adequate 
HTH  to  effect  a  rapid  reduction  in  titer  of  poliovirus,  and  the  amount  of 
Compound  I  was  not  adequate  to  effect  a  significant  reduction  in  titer  of 
poliovirus  (Table  7).  The  ratios  and  total  amounts  of  chlorine  used  enabled 
determinations  on  the  stability  of  each  component  at  three  different  storage 
temperatures  by  retesting  at  weekly  intervals. 

Stability  of  virucidal  activity  of  combinations  of  Compound  I  and  HTH  aj 
different  storage  temperatures:  Each  of  the  three  ratios  of  mixtures  of 
Compound  I  and  HTH  were  assayed  immediately  after  the  mixtures  were  prepared. 
The  remaining  portion  of  each  ratio  at  the  two  different  concentrations  of 
total  chlorine  were  placed  in  tightly  capped,  chlorine  demand-free  glass 
bottles  for  storage.  One  portion  of  each  ratio  was  placed  in  a  refrigerator 
at  4  C,  a  second  portion  was  stored  at  room  temperature  in  the  laboratory  at 
approximately  25°C,  and  the  third  portion  was  stored  in  a  37°C  incubator.  At 
weekly  intervals  over  a  period  of  4  weeks,  aliquots  were  removed  from  each 
storage  container,  and  the  virucidal  activity  was  assayed  against  poliovirus 
type  1  a6  reported  previously  (12).  There  was  no  change  in  the  virucidal 
activity  of  the  samples  stored  at  4°C  over  a  period  of  4  weeks  (Table  7).  The 
virucidal  activity  of  the  samples  stored  at  25°C  and  at  37°C  decreased 
markedly  beginning  the  second  week  after  preparation  of  the  mixtures.  The 
pattern  of  virus  inactivation  from  the  second  through  the  fourth  week  of 
storage  was  typical  of  virucidal  effects  of  Compound  I  (Table  7).  The  results 
suggested  that  the  virucidal  activity  from  the  free  chlorine  of  HTH  had 
undergone  degradation  at  storage  temperatures  of  2 5°C  and  37°C.  The  1:1  ratio 
mixture  with  100  ppm  total  chlorine  was  the  only  mixture  that  inactivated  the 
virus  significantly  in  less  than  10  minutes  when  assayed  after  two  weeks  of 
storage  at  either  25°C  or  37°C.  These  results  suggest  that  the  chlorine  from 
HTH  had  decayed  to  less  than  9  ppm  since  that  was  the  lowest  concentration  of 

chlorine  from  HTH,  10:1  ratio,  in  the  assays  that  effectively  inactivated  the 

poliovirus  in  less  than  10  minutes  (Table  7).  The  results  of  these  assays 

agree  with  results  reported  previously  from  our  laboratory  on  virucidal 
effects  of  HTH  against  poliovirus  type  1  in  which  10  ppm  chlorine  from  HTH 
rapidly  inactivated  poliovirus,  but  5  ppm  did  not  significantly  kill  the  same 
virus  when  assayed  at  pH  7.0,  22°C  (12). 

Virucidal  Activity  of  Synthetic  N-halamine  Compounds  IB.  AB .  and  A 
Compared  to  Compound  1:  Standard  assays  as  described  above  and  as  reported 
previously  were  done  against  poliovirus  type  1  (Chat  strain)  and  rotavirus 
SA-11  to  compare  the  virucidal  activity  of  newly  synthesized  N-halamine 
compounds  with  Compound  I.  All  assays  were  done  at  pH  7.0,  22°C.  Two  or 
three  separate  assays  were  done  for  each  compound  except  Compound  A  which  was 
found  to  have  little  or  no  virucidal  properties  under  the  conditions  tested. 
Compound  1R  was  more  effective  than  Compound  1  against  both  poliovirus  and 
rotavirus  (Table  8).  Compound  AB  was  similar  to  Compound  I  in  virucidal 
activity  against  poliovirus,  but  it  was  slightly  more  effective  against 
rotavirus  than  Compound  I  (Table  8).  None  of  these  N-halamine  compounds 
approached  the  virucidal  efficacy  of  HTH. 
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THE  EFFECT  OF  STORAGE  TEMPERATURE  ON  VIRUCIDAL  PROPERTIES  OF 
RATIO  MIXTURES  OF  COMPOUND  I  &  HTH  AGAINST  POLIOVIRUS  TYPE  1 
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TABLE  8:  COMPARISON  OF  SYNTHETIC  N-HALAMINE  COMPOUNDS  FOR  VIRUCIDAL 
ACTIVITY  AGAINST  POLIOVIRUS  TYPE  1  AND  ROTAVIRUS  SA-ll3 
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was  the  last  sampling  time  for  rotavirus  assays. 

The  first  number  in  columns  is  contact  time  when  <99.99%;  second 
number  is  next  sampling  time  when  >99.99%  reduction  in  titer  had 
had  occurred;  therefore,  numbers  in  columns  indicate  time  interval 
during  which  >99.99%  reduction  in  titer  occurred;  >4  or  >24  means 
that  reduction  in  titer  was  <99.99%  at  last  sampling  time. 

No  o.i  t i-r:;i i r.itlon. 
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PROTOZOA  STUDIES 


In  the  previous  leport  (12)  Compound  1  and  HTH  had  been  tested  against 
Entam oeba  mvadens  and  G iardia  Iamb  I i a  in  demand-free  buffers  at  pH  7. 0  and  pH 
9. 5  and  at  temperatures  4^0  and  22°C ;  Compound  I  was  more  efficient  than  HTH 
at  killing  both  protozoa  tested.  Results  were  not  complete  at  that  time  for 
assavs  run  in  wor  st  case  water'  ( WCW  )  at  pH  9.5.  The  results  of  assays  run  at 
;-H  9.h)  4°C  iu  WCW  with  Compound  1  and  HTH  against  both  protozoa  are  presented 

in  this  report  along  with  data  from  assays  run  in  buffer  at  pH  9.5,  4  C. 

Results  are  presented  from  studies  done  on  the  stability  of  pro t oz oa c i da  1 

activity  of  mixtures  of  Compound  1  and  HTH  alter  storage  at  4  C  and  37  C  for  4 

weeks . 

Che  •procedures  for  assays  of  protozoacidal  activity  of  Compound  I  and  HTH 
were  'escribed  previously  lift.  Because  of  the  complexity  of  precise 
quantitation,  results  were  recorded  based  on  a  subjective  assessment  of 
viability,  or  lack  cl  viability,  from  observations  of  growth  in  medium  after 
treatment  with  disinfecting  agents,  compared  to  the  growth  of  cultures 
pr  i  s  .•  r  o  from  buffer  controls  in  the  assay  procedures.  The  method  of 
recording  the  results  was  reported  previously,  but  is  presented  below  for 
reference  to  the  results  in  this  report: 

*  -  growth  of  organisms  essentially  the  same  as  those  of  buffer 

cor.  t  r  o  Is . 

>  '  greater  than  9  0°.  reduction  in  growth  ot  viable  organisms  compared 

t c  buffer  controls,  subjective  assessment. 

(-  )  -  no  evidence  of  growth  of  viable  organisms  treated  with  Compound  1 

or  HTH  compared  to  growth  of  organisms  from  buffer  controls, 
subjective  assessment. 

As  presented  in  Table  9,  the  organic  load  and  increased  mineral  content 
•  f  WCW  had  ~  greater  effect  on  the  efficacy  of  HTH  than  the  efficacy  of 

Compound  L  at  killing  either  E.  in va den 6  or  G.  Iambi  la .  Compound  1  was  more 

efficient'  than  HTH  at  rendering  both  protozoa  nonviable  under  all  conditions 
,,f  assays.  Complete  killing  of  G.  Iambi ia  in  less  than  2  minutes  by  1  ppm 
Compound  1  at  pH  5.5,  4°C  in  oemand-free  buffer,  and  complete  killing  in  WCW 

at  pH  9.5.  4 °C  in  2  minutes  by  10  ppm  Compound  I,  in  5  minutes  by  5  ppm,  and 

in  ’ mi’  ires  by  2  ppm,  indicates  a  high  degree  of  efficiency  of  Compound  1  at 
kill'.!/  r._j .-  j  vi  i  a  . 

Vb.  •  e:  :  ,  •  :  e-.c-  ot  killing  G  iardia  lamblia  in  oui  studies  is  better  than 
ti.„>  •  ep  '-tod  .  •  others  (30).  The  complete  killing  of  G  iardia  by  HTH  in  less 

l  Pat:  r.  u  r>\  ppm  >.  >  ■  1  r:ir  and.  by  2  ppm  within  5  minutes  in  demand-free 

‘no.  '  r  "  !<  -.5,  4°(  Is  i  ip  i  1  a  r  to  the  efficiency  reported  previously  at  pH 

7.1,  .  Y  and  pH  9.5  at  Z2cC  (12).  However,  it  was  reported  by  others 

., ;  <  ..r,  ta  -  t  was  required  for  8  ppm  chlorine  from  sodium 

;  .  .  .  •  »  ■-  k  i  ’  ;  .  iardia  i  .ysts  at  5°C,  pH  6  and  7,  and  that  30  minutes 

n«t.  *  re  ir*d  :  .  .  emplete  killing  of  giardial  cysts  at  pH  8  (30).  One 

C  k  f  j  e-  f  :  hat  »  a  .  our  •  for  the  i  r-  efficient  results  in  our  studies  is 


« 


Contact  Assay 
Time  Medium 


Compound  I  -  ppm  C 1 
20  10  S  2  1 


HTH  -  ppm  Cl 
10  JO  5  2  1 


Entamoeba  invadens 


2 

min 

buffer 

WCW 

5 

min 

buffer 

WCW 

10 

min 

buffer 

WCW 

Giardia  Iambi i a 

2 

min 

buf  fer 

WCW 

5 

min 

buffer 

w  cw 

10 

m  i  n 

buf  fer 

Assays  were  run  at  pH  9.5,  4  C  in  buffer  or  WCW,  results  represent 
averaqe  of  3  or  more  assays  run  on  different  dates. 

{+)  =  growth  of  organisms  essentially  the  same  as  those  of  controls. 

(±)  =  >90*  reduction  in  growth  of  viable  organisms  compared  to  controls 
(-)  =  no  evidence  of  growth  or  viable  organisms,  complete  inacti vation . 


the  biophysical  form  of  the  C i a r d i a  being  treated.  Tt  is  possible  that  we 
have  been  treating  arrested  trophozoites  of  C i a  r d ia  Iambi i a  rather  than  true 
cysts  as  reported  by  others  (30).  The  growth  characteristics  of  the  supposed 
cysts  after  they  were  put  back  into  meaium  suggest  that  what  were  thought  to 
be  cysts  morphologically  in  our  studies  were,  in  fact,  arrested  trophozoites 
morphologically  resembling  cysts.  t'.iardial  cysts  will  not  excyst  and  grow  in 
medium  without  first  being  exposed  to  proteolytic  enzymes  and  pH  oi  2  or 
less.^’^  Therefore,  comparison  of  our  results  with  findings  of  others  may 
not  he  completely  valid.  Because  of  this  possible  difference  in  the  treatment 
of  arrested  trophozoites,  rather  than  true  giardial  cysts,  studies  have  been 
initiated  to  purify  cysts  of  G iardia  Iambi  ia  from  feces  of  infected  animals 
and  to  use  purified  giardial  cysts  in  assays  instead  of  cultures  of  G iardia 
Iambi ia  trophozoites  that  are  maintained  in  culture  in  the  laboratory. 

Frotozoacidal  activity  of  Combinations  of  Compound  I  and  UTH :  Compound  1 
and  HTH  were  combined  at  three  different  ratios  to  yield  total  available 
chlorine  of  5  ppm.  The  ratios  of  Compound  1  to  HTH  were  9:1,  5:1,  and  1:1 
with  the  amount  of  chlorine  available  from  Compound  I  and  HTH,  respectively, 
at  each  ratio  as  follows:  9:1  (4. 5:0.5),  5:1  (4.17:0.83),  and  1:1  (2. 5:2. 5). 
Dilutions  were  made  from  each  of  the  ratio  mixtures  to  yield  total  chlorine 
concentrations  of  5,  2,  1,  0.5,  and  0.1  ppm  for  assays  immediately  after 
preparation  of  the  ratio  mixtures.  The  remainder  of  each  of  the  ratio 
mixtures  at  5  ppm  total  chlorine  was  divided  into  2  samples  whicn  were  placed 
in  tightly  capped  chlorine-demand  free  glass  bottles  for  storage  at  4°C  or 
37v c  After  4  weeks  of  storage,  each  of  the  ratio  mixtures  was  diluted  to 
yield  total  chlorine  concentrations  of  5,  2,  ],  0.5,  and  0.1  ppm  for  assays  of 
protozcac idal  activity  against  both  Entamoeba  invadens  and  G ia  rdia  Iambi ia. 

There  was  no  decrease  in  protozoac idal  activity  after  4  weeks  storage  at 
4‘T  and  only  a  slight  change  in  activity  after  4  weeks  storage  at  37°C 
'Table  10).  Since  Compound  1  is  more  effective  than  HTH  at  killing  both 
hn_tamofi'_a  and  G  ia  rd  ia ,  the  stability  of  the  protozoacidal  activity  was 
,i,'.  t  i  c  l  j ..  t  ft).  The  time  required  for  killing  of  either  Giardia  or  En  t  amoeba  at 
the  ci-m  entrat ions  of  chlorine  tested  suggested  that  the  effects  wern 
p: ima: i!  ■  due  to  Compound  I  kinetics  with  little  evidence  of  synergism  between 
i  <  r  un  d  I  and  hTH.  The  high  efficiency  of  killing  of  protozoa  by  Compound  I 
an  ■  it  i.  lability  at  temperatures  ranging  from  4°C  to  37°C  indicate  that 
•  or, pour.  J  i  holds  groat  promise  foi  disinfecting  water  contaminated  with  either 
'is:;.-  •  ■  r  En t amoeba . 


TABLE  10: 


STABILITY  OF  PROTOZOACIDAL  ACTIVITY  OF  RATIO  MIXTURES  OF 
COMPOUND  I  AND  HTH* 


Ratio  of 

Total  Cl+ 

Time  in  minutes  for 

Giardia  lamblia 

complete  killing 
Entamoeba  invaders 

I 

Cmpd  I : HTH 

in  assay 

Time  0  4  C  37  C 

Time  0  4  C  37 

C 

1 

2 

<2 

2 

2 

5-x. 

5 

0 

>10 

> 

0 

>10 

> 

2 

<2 

2 

<2 

5 

>10 

> 

0 

>10 

> 

0 

>10 

> 

Ratio  mixtures  of  compound  I  and  HTH  were  assayed  immediately  after 
preparation  and  again  after  storage  for  4  weeks  at  either  4  or  37  C. 
Time  0  column  =  results  of  assays  immediately  after  preparation. 

4  C  column  =  results  of  assays  after  4  weeks  storage  at  4  C. 

37  C  column  =  results  of  assays  after  4  weeks  storage  at  37  C. 
‘Samples  were  collected  at  contact  times  of  2,  5,  and  10  minutes. 

<2  =  complete  killing  in  sample  collected  at  2  minutes. 

2-5  -  incomplete  killing  in  sample  collected  at  2  minutes,  complete 
killing  in  sample  collected  at  5  minutes. 

5-10  --  incomplete  killing  in  sample  collected  at  5  minutes,  complete 
killing  in  sample  collected  at  5  minutes. 

>10  -  incomplete  killing  in  sample  collected  at  10  minutes. 


Shi  Tl  ON  VI 

TASK  10  (EXTF.NSI  V  F  TEST  I  NO  Oh  PROMISING  NEW  DISINFECTANT  COMPOUNDS) 

The  fii'a  1  it  Task  it1  is  to  subject  those  new  iciapomi  Js  tuunJ  to  be 
prom  is  mg  candidates  tor  military  field  disinfectants  under  preliminary 
testing  in  Task  S  to  more  extensive  testing  as  bactericides  and  in  terms  of 
stability  as  a  function  of  pH,  temperature,  and  water  quality. 

The  research  protocol  for  the  extensive  testing  procedures  under  Task  10 
has  been  out  Lined  in  the  previous  annual  report  (12).  Essentially  Task  10  is 
just  an  extension  o;  Tasl  f .  The  action  of  the  promising  disinfectants 
against  Stapiiv  loco  ecus  aureus,  which  has  been  the  most  resistant  bacterium 
tested  here  tc  Compound  l  disinfection,  has  been  studied  for  demand-free  water 
at  pH  7.0,  22  C  at  5,  2.5,  and  1  ppm  total  Cl  (or  its  molar  equivalent  in 
Br  )  ;+at  pH  9.5,  22°C  at  5,  2.5,  and  1  ppm  total  Cl  (or  its  molar  equivalent 
in  Br  );  at  pH  9.5,  4°C  at  5  and  2.5  ppm.  Disinfection  of  Shige 11a  boydi i  was 
also  studied  for  demand- free  water  at  pH  7.0,  22°C  at  2.5  and  1  ppm;  at  pH 
9.5,  4°C  at  5  and  2.5  ppm;  and  in  worst  case  water  at  pH  9.5,  4°C  at  5  and  2.5 
ppm.  Some  testing  will  be  done  at  a  later  time  for  the  organisms  in 
demand-free  water  at  pH  4.5,  22°C. 

Dose-response  plots  for  time  required  for  a  6  log  kill  of  S..  aureus  by 
Compounds  IS  and  AB  at  pH  7.  0,  22t'C  and  pH  9.5,  22°C  are  given  in  Figure  7. 

The  data  in  Figure  7  show  that:  (1)  both  IB  and  AB  are  much  more  rapid 
disinfectants  against  S.  aureus  at  a  given  concentration  than  is  Compound  1 
'20  m  u  .i*s  contact  required  at  1 0  ppm  Cl  (12));  (2)  Compound  IB  is  superior 
to  Compound  AB  for  disinfection  of  S.  aureus  ;  and  (3)  both  compounds  disinfect 
more  rapidly  at  pH  9.5  than  at  pH  7.0.  The  latter  observation  was  made  also 
for  Tempo  vd  I  (12;. 


T.  °  tti**r  results  of  bactericidal  testing  under  Task  10  are  shown  in 
"ib!»  1  beet  ion  IV,  pa6e  2  0) .  Again,  the  data  in  Table  3  are  presented  as 
•  ■‘t  ;.r  'ducts  (concent  i  at  i  on  in  ppm,  time  in  minutes).  The  lower  the  c*t 
product ,  the  better  was  the  disinfectant  under  the  test  conditions  emplcved. 
it  is  clear  that  conper.n  ds  IB,  An,  and  C  perform  very  well  as  disinfectants 
relative  to  Compound  I,  and  in  some  cases  even  better  than  1ITH ,  particularly 
at  1 jw  temperature  and  in  alkaline  medium.  Compounds  IB  and  AB  work  well  in 
worst  .are  water,  although  they  are  considerably  less  stable  than  Compound  1 
in  V.  CW. 


•t  her  refine  tie  mathen.at  i  ca  >  description  of  the 
sevo  !  regree  ii.n  models  were  tested  using  the 
edure  of  5AS.  The  model  used  for  construction  of 
-ev  aiis  ear's  calculations  of  projected  disinfection 
.he  "leg  *  1"  transformation  (20)  was  applied  to  the 
;  .on  model  arising  from  this  transformation  is  one  for 
the  dependent  variable  and  measured  contact  time 
•'a  r  i  able.  This  model  was  able  to  describe  greater 
iiiai’.n  in  th.  'oled  data  fer  each  treatment 

t  define  the  k  i  r.  e  t  i  c  model  more  c  lesely  ,  several 
.  were  fit  tc.  a  linear  mode]: 
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T  i  m  e 


The  last  three  models  listed  use  the  ratio  of  survivors  and  transformation  of 
that  ratio,  the  same  as  in  the  often  used  Chick-Watson  Model  (26,27,33,34) 
without  the  constants  k  and  C.  The  natural  log  of  the  arc  sine  transformation 
of  the  survivor  ratio  se.tis  to  best  describe  the  inactivation  kinetics 
encountered  in  our  experiments,  although  the  more  simple  log  +1 
transformation  approaches  the  arc  sine  transformation  based  on  maximizing  R 
and  the  F  values.  Unfortunately ,  previously  collected  data  cannot  be  analyzed 
using  the  log  arc  sine  transformation  of  (N/N  )  because  the  first  time  point 
taken  in  the  first  year's  experiments  was  at  7  5  seconds  contact  time  rather 
than  a  true  time  zero.  Therefore,  our  comparisons  of  c*t  values  will  have  to 
be  made  using  the  already  calculated  disinfection  times  from  the  log(cfu  +  1) 
model. 

An  analysis  of  covariance  was  conducted  on  the  calculated  disinfection 
rates  using  both  the  "log  +  1"  transformation  model  and  the  arc  sine 
transformation  to  test  whether  the  two  bromamines  had  significantly  different 
rates  of  disinfection.  In  all  cases  except  for  experiments  for  which  the  rate 
of  disinfection  was  too  rapid  to  be  measured  and  two  worst  case  water 
experiments  for  which  the  disinfection  curve  could  not  be  fit  to  a  linear 
model,  the  rates  of  disinfection  by  Compound  LB  were  different  from  that  of 
Compound  AB.  The  significance  level  used  for  the  comparisons  was  0.001. 

Tne  results  r.f  stability  testing  of  Compound  G  in  demand-free  water  at  pll 
* .  ,  .’.0,  and  9.5  at  22  C  ate  shown  in  Figure  8.  All  curves  are  first  order 
*  i  respect  to  total  Cl  concentration  and  could  be  fit  tc  a  model  of  the 

:  (.  nr  : 

1 1  f!  \  mX  +  b . 

'  e-- ;  s  lor  -lope  homogeneity  using  this  model  indicated  that  the  stability 
cure  obtained  at  ill  4.  is  not  significantly  different  from  that  obtained  at 
pH  I.  v.  The  halt-lives  of  Compound  G  at  the  various  pH  values  are  all 
cr«,  ..  t  !or.>.-r  '"by  1-2  weeks  )  than  are  those  for  HTH  urn'er  the  same 

i  ■  u  1 1  t  i  ..  us  .  V>  I  f  iievt'  that  t  V;.>  Cl  nr  j  et  i  es  may  be  expelled  rapidly  from 

Ci  r  poind  G  ...  "t  .  ee  at.  I  f  t  i  tie  ",  .  i  i  1  e  1 1  i  lie  r  t  wo  Cl  moieties  may  be  tightly 

Pour.  !.  V n  p  '  .in  '  ■:  r!  .  re  ej.pe,  :  merits  designed  to  test  whether  Compound  t. 

- !  :  I  i  ’ion:.  ,  a  s  ?t.:  e-.  las.t  a  f  t c  r  30  percent  of  its  total  chlorine  is 

o  st.  .'os-  ile  that  ’lif;  omul  (.  nay  function  in  a  manner  similar  to  the 

:  v  t  .  e;.  1  i  or p  Pi.  .!  and  HTV . 


Percent  Chlorine  I 


SECTION  VII 


TASK  11  (MECHANISTIC  STUDIES) 

The  goal  of  Task  11  is  to  study  the  mechanisms  of  disinfection  action  of 
the  combined  N-chlorant  ine  compounds  (particularly  Compound  1)  and  to  compare 
the  findings  with  those  for  the  free-chlorine  compound  HTH.  During  the  past 
year  two  types  of  experiments  were  performed:  (1)  a  comparison  of  the  action 
of  Compound  I  and  HTH  on  DNA,  RNA,  and  protein  syntheses  in  a  microorganism 
and  (2)  a  comparison  of  the  actions  of  the  two  compounds  on  the  activity  of  an 
enzyme. 


DNA,  RNA,  AND  PROTEIN  SYNTHESES 

Compound  I  and  HTH  solutions  containing  1  ppm  total  Cl+  were  incubated  at 
37  C  with  2-4  x  1  Or  cfu/mL  suspensions  of  Staphv lococcus  aureus  for  varying 
contact  times.  The  solutions  containing  disinfectant  and  bacteria  were 
quenched  with  0.1  mL  of  0.  02  N  sodium  thiosulfate  to  stop  disinfectant  action 
after  a  given  time  of  contact  and  were  vortexed.  Then  one  microcurie  of 
radioactive  label  specific  for  incorporation  into  DNA  tritiated  thymidine), 

RNA  (tritiated  uridine),  or  protein  (tritiated  leucine)  syntheses  was  added  to 
each  quenched  solution.  The  bacteria  were  allowed  to  contact  the  radioactive 
labels  for  1  hour  in  order  to  allow  incorporation  of  the  radioactive 
precursors  into  DNA,  RNA,  or  protein.  The  reactions  were  terminated  by  the 
addition  of  1  mL  of  20  percent  trichloroacetic  acid;  the  latter  quickly  kills 
any  surviving  S_.  aureus .  The  bacteria  containing  the  incorporated  radioactive 
DNA,  RNA,  or  protein  were  collected  on  glass  fiber  filters  which  were  washed  5 
times  with  1  N  HC1  and  twice  with  ethanol.  After  drying,  the  resulting 
filters  were  counted  by  liquid  scintillation  to  determine  the  efficacies  of 
Compound  I  and  HTH  in  inhibiting  bacterial  syntheses  of  DNA,  RNA,  and  protein. 

The  results  of  this  series  of  experiments  are  shown  in  Table  11.  The 
Data  in  the  table  indicate  that  Compound  1  inhibits  DNA  synthesis  more  rapidly 
than  does  HTH.  However,  the  reverse  is  true  for  RNA  and  protein  synthesis. 
Thus  the  mechanisms  of  action  of  (.he  two  compounds  may  be  quite  different.  Of 
course,  the  fact  that  HTH  does  kill  S.,  aureus  at  lower  concentration  and 
shorter  contact  time  than  does  Compound  I  may  indicate  that  the  destruction  of 
RNA  and/or  protein  syntheses  in  the  organism  is  more  damaging  to  the  organism 
than  is  disruption  of  DNA  synthesis. 
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TABLE  11.  PERCENT  INHIBITION  OF  DNA,  RNA,  AND  PROTEIN  SYNTHESES  IN 


STAPHYLOCOCCUS  AUREUS 

CAUSED  BY 

COMPOUND  I  AND 

HTH 

Contact  Time 
(minutes ) 

Compound  I 

Percent  Inhibitiona 

HTH 

DNA 

RNA 

Protein 

DNA 

RNA 

Protein 

2 

60 

32 

30 

23 

70 

80 

5 

74 

35 

60 

30 

76 

92 

10 

83 

50 

75 

80 

90 

95 

60 

100 

100 

95 

100 

100 

95 

The  concentration  of  disinfectants  was  1  ppm  Cl+;  the  concentration  of  S^ 
aureus  was  2x10®  cfu/mL. 


ACTIVITY  OF  TH YMI DYLATE  SYNTHASE 

Thymidylate  synthase  catalyzes  the  reductive  methylation  of 
2'-deoxyuridine-5'-monophosphate  (dUHP)  by 

5, 1  0-methy lene- 5, 6, 7 , 8-tetrahy drof date  to  produce  thymidylate  and 
7, 8-dihydrof olate.  This  reaction  is  the  primary  de  novo  source  of  thymidylate 
and  may  be  the  rate- limiting  step  in  DNA  synthesis  (35).  The  enzyme  from 
Lactobacil lus  casei.  which  was  used  in  this  study,  has  four  sulfhydryl  groups, 
one  of  which  is  essential  for  catalytic  activity  (36)  and  is  inhibited  by  many 
sulfhydryl  reagents.  Oxidation  of  a  sulfhydryl  group  by  disulfides  decreases 
enzymatic  activity,  and  reduction  of  the  oxidized  enzyme  with  sulfhydryl 
compounds  often  completely  or  partially  restores  activity  (37).  Under  Task  11 
we  performed  experiments  designed  to  test  the  effects  of  Compound  I  and  HTH  on 
the  enzyme  thymidylate  synthase. 

Thymidylate  synthase  was  purified  from  an  amethopter in-res istant  strain 
of  Lactobacillus  casei  by  the  procedure  of  Lyon  and  coworkers  (38).  Purified 
enzyme  preparations  had  specific  activities  between  3.0  and  3.5  units /mg  when 
assayed  in  the  presence  of  25  mM  2-mer captoethanol.  The  enzyme  preparations 
were  activated,  and  2-mercaptoethanol  was  removed  as  described  by  Aull  and 
Daron  (37).  Epiraeric  (jO-H4-folate  was  prepared  by  the  catalytic 
hydrogenation  of  folic  acid  (39)  and  was  stored  at  -80°C  as  a  lyophilized 
powder  under  argon  in  sealed  serum  bottles  (40). 

Thymidylate  synthase  activity  was  determined  spectrophotometr ically  by 
r  ‘asuring  the  increase  in  absorbance  at  340  nm  (Gilford  Model  250 
Spectrophotometer)  resulting  from  the  formation  of  H^-folate  (41).  A  unit  of 
enzyme  activity  is  defined  as  that  amount  catalyzing  the  formation  of  1 
micromole  of  H2~folate  per  minute.  Protein  concentrations  Yer^detennin<,d 
from  A2fi0  measurwiient6  an<^  an  absorptivity  of  1.05  x  1 0J  M  1cm  for 
thymidylate  synthase  (38). 


Immediately  be  lore  use,  thymidylate  synthase  was  cerhiolated  as  described 
by  Anil  and  baron  (.37^  by  apply  mu  enzyme  that  had  been  activated  by  dialysis 
against  buffer  containing  2-mrrcapL  .ieLhanol  to  a  sr .,  \  1  column  of  CM-Sephadex, 
washing,  the  column  with  0.01  M  potassium  phosphate  bulfer  (pH  6.8)  to  remove 
thiols,  and  eluting  the  enzyme  with  0.05  M  potassium  phosphate  buffer 
containing  0.5  H  KOI.  Reaction  mixtures  were  prepared  by  adding  0.1  ml.  oi  u 
demand-free  solution  ol  Compound  I  or  Hill  r  c>  0.2  m.L  of  dethiolated  <»nzyir.r- 
solution  and  were  incubated  at  0°C.  A  control  containing  0.1  mb  of 
demand-free  water  and  0.2  ml,  of  dethiolated  enzyme  was  also  prepared  tor  each 
experiment.  Aliquots  (usuallv  2 0  mi c ro 1 i t ers  )  were  removed  from  the  reaction 
mixtures  and  assayed  for  enzymatic  activity.  Spectral  changes  oi  the  enzyme 
and  of  tyrosine,  tryptophan,  and  dUMP  were  monitored  using  the  Gilford  Model 
250  Spectrophotometer. 

The  data  in  Figures  9  and  J  (>  show  that  Compound  1  inactivates  thymidylate 
synthase  more  rapidly  and  at  lower  disinfectant  concentration  than  does  HTH. 
However,  when  dUMP  was  used  tc  protect  the  thymidylate  synthase  (through  its 
active  sites),  the  inactivation  of  the  enzyme  due  to  Compound  1  was  retarded 
appreciably  (Figure  11).  The  slight  protection  provided  by  dUMP  against 
inactivation  of  the  enzvme  by  HTH  is  probably  due  to  a  direct  reaction  of  dUMP 
with  HTH  since  the  ultraviolet  spectrum  of  a  dUMP  solution  changes 
significantly  upon  adctiticn  of  HTH;  no  spectral  changes  of  dUMP  occur  upon 
addition  of  Compound  1. 

No  ultraviolet  spectral  changes  were  observed  when  a  solution  of 
thymidylate  synthase  (6.6  4M  )  was  treated  with  Compound  1  (final  concentration 
ol  6.66  dM),  although  the  enzyme  was  completely  inactivated  by  this  treatment 
(Figure  12).  However,  large  changes  in  the  enzyme  spectrum  resulted  when 
enzyme  solutions  were  treated  with  low  concentration  (39  14M )  of  HTH 
(Figure  12).  The  absorbance  in  the  region  from  265-300  nm  gradually  decreased 
over  a  1  hour  time  period,  with  an  isobestic  point  occurring  at  about  260  nm 
suggesting  a  reaction  of  HTH  with  aromatic  amino  acids.  The  ultraviolet 
spectra  of  solutions  of  tyrosine  and  tryptophan  were  monitored  following  the 
addition  of  Compound  I  and  HTH.  Compound  I  caused  no  changes  in  the  spectrum 
ot  either  amino  acid,  while  HTH  caused  marked  decreases  in  absorbance  in  the 
3 6  0-29  0  rn  regions. 

It  tias  been  shown  that  cysteine,  an  amino  acid  which  contains  a 
'ulthydryl  group,  reacts  rapidly  with  the  inorganic  compound  NH^Cl 
(moo or hi  cram  inn  )  [hi).  Thus  the  sul f hy dry  1  groups  of  cysteine  side  chains  in 
thyi.  aviate  -n  thane  wculri  appear  to  be  likely  targets  of  attack  by 
*  omp  d  1.  T,;  <!.'  i  r.  One,  the  sul  fhydryl  groups  of  tbyi^cy  1  ate  synthase 

were  0 1  o<:  1  e  d  «.th  ,;nl  t dry  1  reagents  ( p-hy  droxymercui  1  benzoa  t  e  (PHMP)  or 
methy  Met  lane!  .  1  -.hI  tor*  •.  e  (Ml.  which  inactivated  the  enzyme  before 
treat!  ent  with  '  m  i  o..i. ;  ,<r  HTH.  The  control  enzyme  samples  could  be 

p  I  et  e  1  "■aa  waif,  :■■■  ;  ;  a  T.  s  1  5  for  12  hours  at  1  0°C  in  5  0  mM  potassium 


:  tu-sphas  ■  Jff  .pH  containing  25  mM  2-mercaptoet  Hanoi .  For  protected 

yi..e  l  •  •  a  t  r  <:  with  Cor  pound  1,  near  complete  reactivation  could  bo  achieved 

r*y  'nr'"- .  ■  or  1  it  w  at  0  C  with  0.  1 5  M  2-mercapt  oethanol .  In  contrast, 

prr.:  r  i  e-j  et.  1  :  ’.ol;  HTH  could  not  he  reactivated  at  all. 


The  result.’,  nl  thi  >tud\  ■  w  that  Compound  1  is  more  reactive  than  is 
HTH  in  inactivating  t  lymidylate  syntnase.  The  data  also  suggest  that 
Compound  1  react'  s'-i  »  specifically  than  does  HTH  with  the  sulfhydryl  groups 
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49  mM  HTH/180  fjM  dUMP 


Control 


of  the  enzyme  and  does  not  react  with  the  aromatic  amino  acid  side  chains. 
Thus  the  mechanisms  of  action  of  Compound  I  and  HTH  upon  microorganisms  may 
well  be  quite  different.  Work  here  has  shown  that  the  order  of  efficacies  of 
the  two  disinfectants  in  killing  a  broad  variety  of  microorganisms  i6  quite 
dependent  on  the  nature  of  the  microorganisms  (12).  Work  aimed  toward 
determining  whether  Compound  I  is  more  effective  than  HTH  against  organisms 
containing  high  concentrations  of  sulfhydryl  groups  is  in  progress. 


SECTION  VI  IT 


CONCLUSIONS 


Mixtures  o'.  Compound  l  and  HTH  offer  considerable  promt.1  e  as  r:  :  1  1 1  a  :  \ 
i e 1 d  water  disinfectants.  The  HTH  in  the  mixture  provides  rapid,  initial 
:sin!ert  ur  through  release  of  "free  chlorine",  while  the  Compound  I  pi ovides 
.in'  - 1  erm  disinfection  through  its  stable  "combined  ciilorinr".  A  mixture  of  1 
art  HIT  and  .V  parts  Compound  l  at  a  total  chlorine  concentration  oi  only 

was  ab'-'  ti  kill  S.  aureus  initially,  and  then  to  continue  to  kill  the 
rpai'.isn  upon  :  eo  wal  i  eu..r  at  1  week  and  again  at  1  month.  Compound  I  was 
,  -it.  •  t  :>e  coi.s  ide:  ah]  v  more  stable  than  HTH  in  demand- :  ree  water  at.  SI  C  at 
,i  :  •  .  -.-r  neutral  pH  conditions.  However,  at  pH  9.5  and  37°C  HTH  becomes  more 

table  than  t  or. pi". it:  !  I  in  demand- free  water,  probably  because  of  degradation 
*  ;i.e  Compound  1  ring  structure  catalyzed  by  strong  base  at  high  temperature, 
•r  i  i  ..bring  seems  tc  have  little  effect  on  the  stability  of  either  Compound 
r  H  TH  in  demand-tree  solution.  Compound  1  kills  £5.  aureus  more  rapidly  at 
than  was  the  case  at  ?2°C. 


be.  eii  N-  ha  famine  dis  in  1  ec  t  an  t  s  wore  synthesized  during  the  past  contract 
of  these,  .tfi-.-p' -unds  IT,  AB ,  and  C  look  promising  because  of  thpir 
:  e*  :  .i-.  t  er  i  -•  i  da  1  effect  than  Compound  1;  Compound  A  shows  promise  because 
• 1 ; t v  : s  greater  than  that  of  Compound  1  in  water  containing  organic 
u.  ’’  ■  es  e  on  pounds  will  be  tested  more  extensively  during  the  next 
-■  ’  , 

I  r.  e  ef  f  i.acies  of  Compound  l  and  HTH  against  rotavirus  have  been  compared 
a  variety  of  conditions.  Compound  I  killed  rotavirus  at  lower 
e-tit  tat  iot.s  and  in  shorter  contact  time  than  it  killed  poliovirus  type  1. 
v  •*>.  t »  ,  I:  TH  was  the  i,t  ter  disinfectant  against  both  viruses.  Continued 
; ,  .*  (or.;:  in  J  I  and  HTH  against  Entamoeba  invadens  and  G  iardia  Iambi  ia 
(i  « 1  ;  ,..r  iitions  inc  i  tiding  worst  case  water  has  revealed  that  Compound  1 
:r  ••;.  e  .  i.  z.o  lower  concentrat  l  on  and  in  shorter  contact  time  than 
<• t-.TH .  The  me  chan  i  sms  of  action  of  the  two  disinfectants  are  clearly 
.  :  . .  „:.d  '<•  ei,  !er.  !  upon  the  nature  of  the  microorganism  under  study. 

u.at  t..e  met  h.an  l  s  t  i  c  actions  of  Compound  I  and  HTH  are  definitely 

1  ;  ;•  ;  ;r  t  her  illustrated  by  the  facts  that  Compound  1  tends  to  disrupt 
■  ff::  r  ••  eft"  lively  than  dees  HTH;  the  reverse  is  true  for  RNA  and 

:  -  ft,.  t  >:r,_.nnd  I  seems  to  attack  sulfhydrvl  groups  on  enzymes 

.  •  ;  1 1  v  ban  e  .  HTH.  On  the  other  hand,  aromatic  ammo  acids  react 

re  til  l.i-!..  p y  with  FTn  ban  they  'o  with  Compound  I. 


SECTION  IX 


RECOMMENDATIONS 


The  results  of  the  research  of  the  past  contract  year  indicate  that 
mixtures  of  HTH  and  Compound  I  would  be  better  field  water  disinfectants  than 
is  pure  HTH.  A  small  amount  of  HTH  would  be  sufficient  for  rapid 
disinfection,  with  a  larger  amount  of  Compound  I  serving+as  a  long-term 
disinfectant.  A  concentration  level  of  1-2  ppm  total  Cl  should  be  sufficient 
for  the  disinfecting  mixture. 

Compound  I  could  be  used  for  field  disinfection  in  tropical  climates 
unless  the  water  has  high  pH  (greater  than  8.5).  Compound  I  should  definitely 
be  used  in  lieu  of  HTH  for  disinfection  of  field  water  containing  heavy 
Giardia  lamblia  contamination. 

The  research  of  the  past  year  ha6  produced  several  N-halamine  compounds 
with  desirable  disinfection  properties.  The  research  should  be  continued  with 
the  goal  of  synthesis  of  a  new  compound  which  is  more  germicidal  than  Compound 
I,  yet  which  at  least  approaches  Compound  I  in  stability  for  long-term 
disinfection  action. 
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